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ABSTRACT  Air pollutants seriously interfere with the maintenance ofunipolar 
ionized  atmospheres  required  in  experimenting with  the  biological  effects of 
gaseous ions. The construction and operation of an air purification unit designed 
to reduce air pollution to tolerable levels are described; it has functioned satis- 
factorily in conducting experiments with plants and animals. 
INTRODUCTION 
In conducting studies on the effects of gaseous ions on plants and animals we 
found  that  the  well  known  affinity of atmospheric  industrial  pollutants  for 
small  air  ions  seriously interfered with  the maintenance  of unipolar  ionized 
atmospheres.  To overcome this difficulty we designed and  assembled  the  air 
purification equipment and  exposure cubicles described  herein. 
DESIGN  AND  SPECIFICATIONS  OF  THE  AIR 
PURIFICATION  UNIT  AND  TEST  CUBICLES 
Fig.  1 is a schematic block diagram of the installation with specifications of the com- 
ponents appended. Air to be purified is taken from the outside and traverses a duct to 
(A) an electric heater (B) an aluminum maze filter (C) an electrostatic filter (D) an 
ion neutralizer (E)  an activated carbon filter and  (F)  an air conditioner where it is 
cooled as required before being discharged into the laboratory through an adjustable 
louver grille. During extremes of cold or hot weather a duct-closing damper and ad- 
justable return register permit recirculation of treated air to any desired degree. 
The air purification system is designed to remove all air-borne particulate matter 
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and at least a significant portion of the gaseous pollutants common to smog. Various 
laboratory procedures introduce an element of self-contamination but this is a minor 
factor  compared  to the  density of pollutants  frequently present  in  outside  air.  No 
smoking is permitted in the laboratory. 
The air temperature is regulated by means of a duct thermostat which controls the 
electric heater and maintains the supply air at a minimum of I9°C. A room thermo- 
stat governing operation of the air conditioner is set for a  maximum  of 26°C.  The 
temperature and humidity of the air in the laboratory are monitored by a recording 
wet and dry bulb thermometer. 
OPERATION  OF  THE  AIR  PURIFICATION  UNIT 
AND  MONITORING  OF  AIR  PURITY 
The  operational  effectiveness of the air purification  system is tested daily by 
comparing  the ion densities of outside air  with those of room air  and  of the 
artificially ionized air in the cubicles. The ion collectors used for this purpose 
are shown in Fig.  1 as M  (outside air sample),  N  (room air sample),  and P1, 
P~,  P3,  (cubicle  air  samples).  Each  station  provides  data  on the number  of 
positively and negatively charged small and intermediate ions. Small ions consist 
of a  single ionized  molecule with  a  few other  molecules clustered  around  it 
(1)  and are present at average levels of 300 to 800 negative ions/ml and  350 
to 900 positive ions/ml  in  this  area during  clear weather.  Intermediate  ions 
are  actually submicroscopic particles  approximately  5  to 50 millimicrons  in 
diameter  and ordinarily are very sparse in number when the air is clean  (2). 
However, the intermediate ion density levels may rise markedly even in clean 
air during  severe hail  or snowstorms. 
There  is  a  close correlation  between  air  pollution  and  intermediate  ion 
density.  When intermediate  ion density exceeds that  of small ions it is prob- 
able that  submicroscopic  air  pollutants  are present;  concurrently,  the  abso- 
lute density of small  ions falls because of the ready absorption  of small ions 
by pollutants. 
During  the period of 2 years since installation  of the air  purification  unit, 
routine comparisons  of ion densities of outside air,  room air,  and  cubicle air 
have demonstrated the effectiveness of the system in providing the laboratory 
with clean air.  Table I  shows some typical values obtained on days when the 
concentrations of intermediate ions present in outside air were above normal. 
It  is  clear  from  these  data  that  the  density  of intermediate  ions  of either 
charge  is materially reduced by the air  purification  unit.  The quality of the 
air  supplied to the laboratory is maintained  at a  satisfactory level as long as 
the air treatment components are properly serviced. We have found it neces- 
sary to clean the plates of the electrostatic precipitator  once a  month  and  to 
reactivate the carbon filter every 3 months. 
The  present  air  flow plan  could  probably  be  improved  by  dividing  the 900  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  45  "  I962 
treated  air  supply between the cubicles and  the laboratory.  As it is now all 
treated  air  enters  the  laboratory  first  and  then  is  diverted  to  each  of the 
three  cubicles.  Consequently,  various  operations  in  progress in  the  labora- 
tory  at  times  will  modify  the  ion  density  of the  air  before  it  reaches  the 
cubicles.  This  local  contamination  has  not  been  a  major  factor  to  date 
(Table II) but in order to minimize the possibility of such action we recently 
TABLE  I 
EFFICIENCY  OF  AIR  PURIFICATION  SYSTEM  DURING  PERIODS  OF  AIR 
POLLUTION  AS MEASURED  BY  AIR  ION  SAMPLING 
Date  Ion size and  Charge  Outside  air 
Nos. of ions/ml of air in 
Cubicles 
Room air  Negative  Control  Positive 
Sept.  30 
Oct. 5 
Oct.  17 
Jan.  13 
Jan.  18 
Small  +  300  350  0  250  7500 
Intermediate  +  2200  300  30  250  0 
Small  --  450  220  5500  190  0 
Intermediate  --  2550  330  500  260  70 
Small  -i-  200  250  150  200  4000 
Intermediate  +  I100  150  250  300  1500 
Small  --  350  200  3500  70  0 
Intermediate  --  1650  100  1500  230  0 
Small  +  200  850  0  1000  6900 
Intermediate  q-  1300  450  130  500  500 
Small  --  350  0  5000  0  0 
Intermediate  --  1650  400  1500  120  0 
Small  q-  670  330  0  410  3000 
Intermediate  d-  1030  670  75  590  2000 
Small  --  250  440  3500  100  0 
Intermediate  --  1450  395  225  400  100 
Small  +  500  250  0  0  4600 
Intermediate  q-  2750  585  0  450  1700 
Small  --  410  400  5850  500  0 
Intermediate  --  2590  600  850  580  375 
installed ion traps in the door ducts to remove ions generated in the laboratory. 
It should  be pointed  out that  the air  ion  density measurements  recorded 
for the cubicles are minimal  values, for the air  stream is sampled  at  the top 
of each cubicle just prior  to entering  the exhaust  port and  there is some ion 
decay during the transit from generators to the ceiling. 
To  determine  the  variation  in  air  ion  microclimate  at  various  positions 
within  the cubicles and  to measure the extent  of ion decay, an ion collector KRUEOER,  BECKETT, ANDRIESE, AND  KOTAKA  Air Purification Unit  9oi 
was  placed at  various  points  on  the floor and  shelves  (Fig.  2)  and  the ion 
content of the  air  was  determined.  Table  III  summarizes the  data  for  the 
negatively ionized cubicle; essentially the same results were obtained in the 
positively ionized cubicle.  Three tritium ion generators evidently supplied  a 
sufficient number of small air ions to maintain a satisfactory unipolar ionized 
atmosphere. As originally constructed, the shelves extended to the back wall, 
blocking  the  circulation  of air  and  preventing good  ion  distribution.  Two 
inch slots cut from the back of each shelf overcame this difficulty. However, 
ion densities still  are not altogether uniform; low but acceptable values are 
found in the central areas of the shelves. 
TABLE  II 
LIMITS  OF AIR  ION  DENSITY  IN  LABORATORY  ROOM 
AIR  OBSERVED  DURING NORMAL  OPERATIONS 
July 18,  1960 
Po~tive  Negative 
Time  Small  Large  SmaU  Large 
1100  280  520  340  270 
1500  150  680  180  530 
1505  220  540  190  410 
1520  230  560  190  440 
1545  230  540  180  520 
Since  we  are  studying  the  biological  effects of small  air  ions,  we  try  to 
maintain fairly high levels of ion density and to minimize ion loss,  although 
some losses are inevitable. The life span of a  small ion is a  matter of seconds. 
Note in Table III that the small ion density on the floor near the generators 
is  32,000/ml;  by the  time the  air  stream reaches the exhaust port  this  has 
dropped to 4,100/ml.  Under the same conditions the density of intermediate 
ions rises from  < 1,000/ml  at floor level  to 2200/ml near the exhaust. These 
observations  are typical of the aging  characteristics of artificially produced 
small ions. 
It is not possible to determine from these data precisely how much of the 
small  ion  decay is  due  to  water  vapor  and  various  particles  derived  from 
experimental plants  (or  animals)  within  the  cubicles.  A  comparison  of the 
small  ion decay rates  in  a  cubicle containing normal numbers  of plants  or 
animals and again in the same cubicle when empty produced no evidence to 
suggest that air pollutants derived from these sources are of major importance 
in bringing about the observed loss of small ions.  In other words,  the losses 
are accountable to  (a)  the surfaces within the cubicle and  (b)  attachment to 
particles of water vapor normally present. 902  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  45  "  I96= 
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FIGURE 2.  Inside arrangement  and specifications of walk-in test cubicle. The three test 
cubicles are each 3 feet 4  inches  ×  5 feet  X  7 feet and are constructed of ~  inch enam- 
eled masonite fitted with extruded aluminum joint strips; each joint is sealed with water- 
woof sealing compound.  In the ceiling of each cubicle is an electric light and  a  4  inch 
round hole leading to a  duct and exhaust blower. Air from the main laboratory is sup- 
plied to each cubicle through  louvers in the door and  leaves through  the exhaust port. 
Inside each cubicle and just above the Pullman-sized door is mounted a Wesix Mark IV 
ion collector. Switches for operating the collector Mowers and fittings for connecting the KRUEGER, BECKETT, ANDRIESE,  AND KOTAKA  Air Purification  Unit  903 
At the outset the cubicles were equipped with fiber glass filters at the ports 
entering each cubicle, but it was soon evident that minute pieces of glass were 
entrained from these filters and they had to be eliminated. 
Our  experience  with  this  equipment  indicates  that  relatively rapid  loss of 
artificially produced small ions is to be expected and is not a  matter for con- 
cern  provided  there  is  a  continuous  replenishment  from  a  well  controlled 
TABLE  III 
SMALL  ION  DENSITY  AT VARIOUS 
POINTS  WITHIN  TEST  GUBICLE 
Small ion density 
Sampling station  (negative) 
(see Fig.  ~)  per ml 
1  4100 
2  5200 
3  5200 
4  5000 
5  4800 
6  4800 
7  7200 
8  4200 
9  5900 
10  2700 
11  7300 
12  3300 
13  13,800 
14  8200 
15  9800 
16  13,300 
17  32,000 
source.  To minimize  this loss rate,  however, and  to maintain  as high  an ion 
density as may be required,  the air must be free of submicroscopic particulate 
matter such as is commonly present in urban centers. 
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